Introduction


Orchidaceae is the largest family of the plant kingdom, comprising around 25,000-35,000 species [1, 2] . Prized for their strikingly beautiful flowers, orchids are widely distributed but grow in the tropical regions, and cloud forests favor its development [3] . In Mexico, it is the third largest family with 1,260 species [4] and 433 are found in the state of Veracruz [5] . Economically, they are very important in horticulture. Wild species, on the other hand, have been used as indicators of regions with a healthy ecosystem [6] . However, the value of the plants of this family in the role that they have played in medicine has often been overlooked [7] .
The use of orchids in herbal medicine has a very long history, given that several orchids are listed in the earliest known "Chinese Materia Medica" [8] and "Indian Ayurvedic Materia Medica" [9] . Nepal and other Asian countries, such as Indonesia, Malaysia, Taiwan, Singapore, Vietnam, Shri Lanka, Thailand, Myanmar, etc., have been using orchids in traditional medicine [10] .
Use of orchids in America has a long history too. In Mexico, their use as a source of glue and resin by the Aztecs and other ethnic groups since ancient times has been of great importance [3] . Similarly, Vanilla, mainly Vanilla planifolia, was used to add aroma and flavor to cocoa and for the treatment of hysteria, fevers, impotence, rheumatism and to increase muscular energy [11] . Today, its medicinal uses are confined to strong fever and abdomen pain [12] .
Although the use of medicinal orchids is spread all over the world, little information is found for the Americas as far as number of species and cultural background.
In [3] . Prosthechea karwinsky, a very valued orchid in a Mixtec community from Oaxaca, is used to treat coughs, wounds and burns, diabetes, to prevent miscarriages and to assist in childbirth [13] . Even though Veracruz is one of the most biodiverse states and houses a third of orchid species growing in Mexico, so far only two species found here have been documented in the Atlas de las Plantas de la Medicina Tradicional Mexicana [12] . They are Oncidium ascendens used for inflammation and Vanilla planifolia to treat fever and abdomen pain. In this paper, field and bibliographical research was carried out to compile ethnobotanical, pharmacological and chemical data as far as active compounds of identified medicinal orchid species from the state of Veracruz. To link indigenous knowledge to experimental modern scientific information will help understand the effectivity of herbs and return this information to the traditional consumers, and at the same time will encourage drug development.
Methodology
Investigation of medicinal orchid species from Veracruz was carried out by consulting first the Atlas of the Mexican Traditional Medicine Plants [12] , the Flora Medicinal de Veracruz [14] and the data base of Flora Medicinal de Veracruz CITRO-UV project. Field ethnobotanical research was carried out in Cuautlajapa, municipality of Mixtla de Altamirano, from Sierra de Zongolica, Veracruz, through semi-structured interviews, in situ walks and participative observation. Medicinal orchids described here were photographed, and herbarium specimens are collected and deposited in the CITRO-UV herbarium or are part of the alive collection of CITRO-UV orchidarium. Botanical identification was carried out and botanical descriptions were based on Ref. [15] . The criteria to identify orchid species included botanical identification, deposit of specimens in any herbarium of the country and specific medicinal indication. Finally, a bibliographical research of the pharmacology and chemistry (active components) of identified medicinal orchids in this work was carried out through searching of MEDLINE data base.
Results and Discussion
Results obtained through bibliographical research generated information on nine species of medicinal orchids. Field work in the Nahuatl community of Mixtla de Altamirano, Zongolica, added three more species, making a total of 12 medicinal orchids recorded for Veracruz ( Fig. 1 In Veracruz, it is known as "siempre viva" (forever alive). Burgos [17] indicates that infusion of the leaves is used to lower cholesterol blood levels, stimulates dreaming and cure spots. It is also used for ear pain, applying few little drops of the infusion.
A strong anti-nociceptive effect was found in E. mosenii [18] [19] [20] .
24-methylene-cicloarta nol, dichloromethane extract [7] , methanolic extract [18] and phenanthrenes [19] [20] [21] .
Habenaria floribunda
Lindl.
Terrestrial orchid of 30-85 cm high, with yellow green flowers, in cluster inflorescence. Herbarium XAL.
In Veracruz, it is known as "clavocochinillo" (nail piglet) and it is found and used as a remedy in the region of Sierra de Santa Marta in the municipality of Soteapan in the localities of Ejidos de Ocotal Chico, Ocotal Grande, San Fernando y Santa Martha. Santos [22] indicates the use of a leaves infusion drank for vaginal hemorrhage.
In Habenaria repens, related species, anti-oxidant activity has been detected [23] .
Habenariol and the methanolic extract in H. repens were responsible of this action [23] .
Isochillus latibracteatus A. Rich. & Galeotti
Epiphyte orchid of 50 cm high, with purple flowers, in cluster inflorescence. Herbarium XAL.
No common name was registered for this species, nevertheless it is found and used as a remedy in the Sierra de Santa Marta region, in the municipality of Soteapan, localities of Ejidos de Ocotal Chico, Ocotal Grande, San Fernando y Santa Marta. Santos [22] indicates its therapeutic application for "latido" (pain in the mouth of the stomach) and "ventazón" (a kind of colitis).
No information found.
No information found.
Isochillus major
Epiphyte orchid of 50 cm high, with purple flowers and unilateral and thick inflorescence. Herbarium CORU.
No common name was registered for this species. It is found in the municipality of Ixtaczoquitlan, the localities of Cuesta del Mexicano, Tuxpanguillo, Zacatla y Zoquitlán Viejo, where the leaves are used in case of blows inflammation, is applied as a poultice [24] .
No information found.
No information found. In Zongolica región, it is known as "flor de mayo" (may flower) and the crushed pseudobulbs are applied as a poultice to treat inflammation of affected areas of the body due to abrupt movements like feet "falseadura" or twisted ankle.
Mormodes
No information found.
No information found. In the region of Zongolica, it is known as "topixcamote" and it is used in traditional medicine to reduce or remove pain in head bumps. The crushed pseudobulbs in alcohol or "aguardiente" are applied as a poultice in the affected area.
( Table 1 continued) Orchid species Botanical description/herbarium Ethnobotany Pharmacology Active metabolites
Oncidium ascendens
Epiphyte orchid of 10-30 cm high, with yellow green flowers and red brownish spots in paniculate florescences. Herbarium XAL.
Santos [22] mentions that it is known as "orquidea" by settlers of Sierra de Santa Martha region in the municipality of Soteapan, localities of Ejidos de Ocotal Chico, Ocotal Grande, San Fernando y Santa Marta. Used for infammation caused by introduction of sharp sticks or tools. It is also used to carry out "limpias" (a kind of body and soul cleaning by sweeping it externally with the plant).
Biological activities, such as inhibition of cancer cell lines proliferation. Induction of apoptosis [25] .
Stilbenoids [14] and 1, 4-Beta-mannan [26] .
Scaphyglottis fasciculata Hook.
Epiphyte orchid of up to 32 cm height, with white greenish flowers in inflorescence in fascicule. Herbaria CORU, IMSSM.
This species is known in Veracruz as "parásitamenuda", "small parasite". Garrido [27] collected this plant in the Tuxtlas region in the municipality of Catemaco in the localities of Adolfo López Mateos, Benito Juárez, Dos Amates, La Margarita, Miguel Hidalgo, San Rafael and the colonies El Águila and Zapoapan de Cabañas. In this region the medicinal use of this plant is indicated as anti-abortive.
Anti-inflammatory, anti-nociceptive [28, 29] and relaxing activities [30, 31] detected in Scaphyglottis livida, a close related species. Lanostadienol derivative, gigantol, ciclobalanone [29] . Phenanthrenederivati ve [28, 30] and 3, 4-dihydroxi-5,5'-dimet hoxy bibenzyl [30] .
Sobralia macrantha
Terrestrial or epiphyte orchid of 40-180 cm height, with purple flowers, white in their centers in fascicular inflorescence. Herbarium XAL.
This orchid is known in Veracruz with the names of "cabolín", "Candelaria" and "lirio de San Antonio". Gutiérrez [32] describes that this species is found in the region of the south of the sedimentary basin of Tampico and Misantla in the municipality of Chiconquiaco, where it is used for fever.
No information found.
No information found Spiranthes eriophora Rob. & Greenm.
Terrestrial orchid of 30-45 cm high, white flowers with yellow center in rosette inflorescence. Herbarium UACh.
This species is known in Veracruz as "Cecetzi" y "margaretilla". Sánchez [33] collected this orchid in the Zongolica Sierra in the municipality of Tlaquilpa, localities of Loma de Xocoapa, where it is used for the treatment of asthma.
An anti-oxidant activity has been found in Spiranthes sinensis, a related species [34] .
The ethanoic extract containing flavonoids and ferulic acid [34] .
Stanhopea oculata (G. Lodd.) Lindl.
Epiphyte orchid of 30-50 cm height, with flowers pale yellow orange color with purple spots in raceme pendulum inflorescence. Alive collection in CITRO-UV Orchidarium.
In Zongolica region, it is known as "Tehuanxochitl". The crushed an boiled pseudobulbs are used to reduce abdomen (belly) pain in women, by drinking the prepared infusion.
It has been confirmed the anti-fatigue activity in a related species, Stanhopea hernandezii [35] .
Hexanic and dichloromethane-met hanol extract [35] .
Vanilla planifolia Andrews
Hemiepiphyte climbing orchid of up to 12 m height, with flowers pale green to bright white in axillary inflorescence. Herbarium MEXU.
This species is known in Veracruz as "vainilla" and it is used as a flavour for cakes, drinks, chocolate and ice cream preparations. Hernández [36] indicates the plant growth and medicinal use of Vanilla in the municipality of Misantla. It is used to treat grave fever, drinking the pods infusion.
Confirmed biological activities include anti-oxidative, anti-inflammatory, anti-cancer, against cell stress [37] [38] [39] [40] , anti-microbial [41] , anti-cholesterol [42] , anti-nociceptive [43, 44] , anti-depressing and inhibition of acetyl cholinesterase (Alzheimer) [45] .
Vanillin, hydro-ethanolic extract [37, 45] .
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of their habitats have led to these belated efforts to protect them.
As far as their ethnobotany, villagers use
Epidendrum chlorocorymbos to relieve ear pain among other therapeutic applications in Veracruz. A similar traditional use to alleviate pain is referred to China for the stems of E. mosenii [20] , a related species on which pharmacological testing proved a strong anti-nociceptive effect [18] [19] [20] . Laboratory tests demonstrated that a dichloromethane extract, 24-methylene-cicloartanol and phenanthrenes were responsible of this action [19] [20] [21] . No pharmacological or chemical research has been done on E.
chlorocorymbos, but it is possible that this species might contain active phenanthrenes. Kovacs et al. [21] reported the presence of a number of these compounds in Orchidaceae, particularly in Epidendrum genus. In other states of Mexico, villagers use E. anisatum [46] and E. pastoris [47] to treat dysentery. Nepalese also use the last species [48] , and the Chinese use E.
tuberosum for the same purpose [49] . Patients ingest Habenaria floribunda leaves to stop vaginal hemorrhage in Veracruz. In China, tubers of H.
repens are used as aphrodisiac and studies have confirmed anti-oxidant activity for this species due to habenariol [23] . Other Habenaria species from India are important in traditional medicine as restoratives and for blood diseases [50] . Researchers have yet to report any pharmacological studies on those species, however they might contain habenariol and could exert anti-oxidant activity, which would explain restoring vital functions of the body at a cell level and helping the patient to recover their health.
For Isochillus latibracteatus, I. major, Mormodes maculata var. unicolor and Oestlundia luteorosea medicinal species documented in this work, health problems underlying inflammation were registered. No information regarding other uses or biological activities was given elsewhere. In China, for Oncidium ascendens, researchers have identified a similar traditional therapeutic application to the one documented in Veracruz, i.e., treating inflammation and lacerations of the body [49] . Although studies detected inhibition of cancer cell lines proliferation due to stilbenoids and 1,4-β-mannan in this species [25, 26] , this action does not explain the efficacy of its traditional therapeutic application.
The medicinal use of Scaphyglottis fasciculata as anti-abortive has been documented in Veracruz. The bibliographical research revealed neither other medicinal uses nor genus related medicinal species. Nevertheless, the proven pharmacological effects in a related species, S. livida, include anti-inflammatory [28] , anti-nociceptive [29] and smooth muscle relaxing activity [30, 31] . The responsible compounds were a lanostadienol derivative, gigantol, ciclobalanone [29] , phenanthrene derivatives [28, 30] and 3,4-dihydroxi-5,5'-dimetoxy benzyl [30] . The above activities, confirmed through pharmacological testing, might have an overall positive effect that could be related to the therapeutic application of S.
fasciculate as anti-abortive, but it is necessary to carry out pharmacological research to prove it.
Sobralia macrantha is another medicinal orchid documented for Veracruz to be used to treat fever cases. A similar application is given to the macerated leaves mixed with orange juice in other regions of Mexico [47] . Nevertheless, no other information for this species was encountered.
The medicinal use of Spiranthes eriophora for asthma in Veracruz was not found anywhere else, but other studies demonstrated an anti-oxidant activity for S. sinensis a related species [34] . The ethanolic extract containing flavonoids and ferulic acid were responsible for this action [34] ; new isopentenyl dihydrophenanthrenes were isolated from this species too, with possible additional biological effects [48] . S. sinensis therapeutic applications in Nepal include for fever, as a tonic, in sores [4] , and in China and Taiwan as an aphrodisiac, for headache, chronic dysentery and meningitis [49] . An anti-cancer dihydroflavanoid was isolated from Spiranthes australis [50] used in Trinidad and Tobago, and in China for urinary problems, diabetes, treatment of inflammatory diseases and cancer [50, 51] . Pharmacological and chemical findings in S. sinensis and S. australis suggest S. eriophora might contain active metabolites too.
With Stanhopea oculata abdomen pain is treated in Veracruz, but no other record of medicinal use was found. A related species, S. hernandezii, is recommended against tiredness in other regions of Mexico [47] . The anti-fatigue activity was confirmed for this species with hexane and dichloromethane-methanol extracts through pharmacological testing. Apparently, there is no relation between these findings and the therapeutic application of S. oculata.
Although Vanilla planifolia is one of the most important orchids in the world because of the aromatic and flavoring properties of their fermented pods, the medicinal use has faded over the centuries in Mexico.
It is native to Mexico and is grown commercially in
Veracruz on a small scale. But in contrast with around 12 different therapeutic applications given to this plant in the 16th century [11, 52] , today just two are indicated for grave fever and abdomen pain [12] .
Confirmed biological activities include anti-oxidant, anti-inflammatory, anti-cancer, against cell stress [37] [38] [39] [40] , anti-microbial [41] , anti-cholesterol [42] , anti-nociceptive [43, 44] , anti-depressant and inhibitory of acetylcholinesterase (Alzheimer) [45] .
Mainly vanillin is the responsible active metabolite [37] [38] [39] [40] [41] [42] [43] [44] [45] . Pharmacological effects demonstrated in V. planifolia give evidence of its efficacy, if the fever is the result of any kind of bacterial infection. The anti-oxidant, anti-cell stress and anti-nociceptive effects will help patients with fever. Therefore, Vanilla is an orchid with a great potential in modern medicine and cultivation should be promoted.
Conclusions
This paper demonstrates the lack of studies on ethnobotanical, pharmacological and chemical aspects of medicinal orchids from the state of Veracruz and shows the need to carry out research on those subjects to increase their knowledge. It also demonstrates that Vanilla planifolia is a very important orchid with great potential in modern medicine, so its cultivation should be promoted. It becomes necessary to perform conservation studies in order to implement programs for the protection and propagation of endangered species, like Mormodes maculate, Stanhopea oculata and Vanilla planifolia.
